Cell culture, reagents and treatments
Human MRC5-SV40, MO59K 52 , MO59J 52 , U2OS and MDA-MB-231 cells were grown in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin, 100 mg/ml streptomycin and 2 mM L-glutamine. For cell cycle analysis, cells were fixed in ice-cold 70% ethanol, stained with propidium iodide (10 mg/ml PI, 250 mg/ml RNase A, 0.5% BSA, 0.02% sodium azide in 1X PBS) and analyzed by FACS on a FACS Calibur using standard settings. Pyridostatin was used at 2 µM unless stated otherwise. For inhibitors, ATMi (20 µM, KU-55933, obtained from Tocris), DNA-PKi (2 µM, NU7441, obtained from Tocris), Caffeine (4 mM) and Chk1/Chk2i (50 nM, AZD7762, obtained from AstraZeneca) were added to cells 1 h prior to pyridostatin treatment. PARP inhibitor (10 µM, KU-0058948) was added 1 h prior to addition of 1. The transcription inhibitor DRB was used at 100 µM and added to cells 1 h prior to addition of 1. To inhibit replication, aphidicolin (5 µM) was added 2 h pre-pyridostatin treatment. All inhibitors remained in cells for the duration of the experiment. The topoisomerase poison doxorubicin (Dox, Sigma) was used at a final concentration of 100 nM for the indicated times.
Protein extracts and western blotting
For whole cell extracts, cells were washed once with PBS (phosphate buffered saline), 
Immunofluorescence analyses
For IF analysis of mitotic spreads, MRC5-SV40 cells were untreated or treated with 2 µM 1 for 24 h in 6 cm dishes. Cells were treated with 0.1 µg/ml colcemid (Gibco) for 1 h followed by incubation with Chk1/Chk2i for 2 h to abrogate the G2/M checkpoint. To collect cells, culture medium was pipetted off and placed in a 15 ml conical tube. Cells were washed once with PBS followed by trypsinization. 10 ml of medium were added to each 6 cm dish and cells were collected by gentle pipetting. This medium was then added to the first 4 ml that were collected. Cells were pelleted by centrifugation at 1,000 rpm for 5 min and all but 300 µl of the supernatant were removed. Cells were gently resuspended in the remaining medium and kept on ice. 1 ml of ice-cold hypotonic 0.075 M KCl was added dropwise to the suspension with gentle agitation using a vortexer on a low speed. An additional 2-3 ml of KCl were added and cells were incubated at 37 °C for 15 min to allow swelling of the cells. Cells were centrifuged onto coated Shandon Cytoslides (Thermo Scientific) at 1000 rpm for 5 min using a Cytospin. Slides were preincubated in KCM buffer (120 mM KCl, 20 mM NaCl, 10 mM Tris-HCl pH 7.2, 0.5 mM EDTA pH 8, 0.1% (v/v) Triton X-100, and protease inhibitors) for 30 min. Slides were blocked for 30 min in KCM containing 1% BSA followed by 1 h incubation in mouse anti-γH2AX (Upstate) primary antibody. Slides were washed 3x with KCM buffer followed by 45 min incubation in the mouse anti-rabbit Alexa Fluor 488 secondary antibody. Slides were washed 3x with KCM buffer and fixed in 2% PFA in KCM buffer for 20 min at rt followed by 3x washes with KCM. Coverslips with Vectashield containing DAPI (Vector laboratories) were fixed over the cells. Samples were imaged with an inverted FV1000 confocal microscope (Olympus).
Neutral comet assays
MRC5-SV40 cells were grown in 6 cm dishes either untreated or treated with 2 µM 1 for 24 h. DNA-PKcs inhibitor was administered as described above. Cells were washed once with Ca 2+ /Mg 2+ free PBS (Invitrogen) then scraped into 5 ml of Ca 2+ /Mg 2+ free PBS. Cells were pellet by centrifugation at 1000 rpm for 5 min at 4 °C. Cells were re-suspended in 500 µl of PBS and kept on ice. Cells were then processed using the comet assay kit from Trevigen according to the manufacturer's protocol. Briefly, cells were mixed with melted agarose (Trevigen LMAgarose) at a 1/10 cell/agarose volume ratio, mixed thoroughly by pipetting up and down several times and then 75 µl solution containing cells in agarose was placed on gelbond film (0.22 mm thick, LONZA agarose gel support medium). A 22 mm glass coverslip was added immediately and gently pressed until all the agarose was evenly spread. Slides were placed at 4 °C for at least 30 min. Glass coverslips were removed and slides were incubated for 30 min in lysis solution that was pre-chilled on ice. Slides were washed with 50 ml of 1X TBE for 5 min at rt. Slides where then electrophoresed for 10 min at 1V/cm in 1X TBE. Slides were washed briefly in water and immersed in 70% ethanol for 5 min. Slides were air dried at rt overnight followed by staining with SYBR green (Invitrogen), in TE solution (10 mM Tris-HCl pH 7.5, 1 mM EDTA pH 8.0) for 5 min at 4 °C followed by 1 h of drying at rt. Images were collected using a GFP filter on an Olympus epifluorescence microscope. Comets were analyzed from at least 100 cells using Cometscore software (TriTek) to determine tail moment.
Data from three independent experiments were collected and plotted using Prism software. Error bars represent the S.E.M.
FRET-melting assay
The following dual labelled oligonucleotides were purchased from Eurogentec ® Ltd. Htelo (5ʹ′-FAM-GGG TTA GGG TTA GGG TTA GGG-TAMRA-3ʹ′) 18 , C-kit1 (5ʹ′-FAM-cacodylate buffer (60 mM, pH 7.4) at 400 nM by heating at 94 ºC for 10 min followed by slow cooling to room temperature at a controlled rate of 0.1 ºC/min. 96-well plates were prepared by addition of 50 μl of the annealed DNA solution to each well, followed by 50 μl solution of 1 or 2 at the appropriate concentration. Measurements were made in triplicate with an excitation wavelength of 483 nm and a detection wavelength of 533 nm.
Analysis was carried out using OriginPro 7.5 data analysis and graphing software (OriginLab ® ). Fluorescent readings for FRET experiments were performed using a Roche® LightCycler™_480 System RT-PCR.
Circular dichroism spectroscopy
DNA oligonucleotides were purchased from Eurogentec ® Ltd. CD spectra were recorded on an Applied Photophysics Chirascan circular dichroism spectropolarimeter using a 1 mm path length quartz cuvette. Scans were performed at 25 °C over a wavelength range of 210-330 nm with response time of 0.5 s, 1 nm pitch and 1 nm bandwidth. Blank spectra of samples containing buffer were subtracted from DNA samples. The CD spectra represent an average of three scans, are zero-corrected at 330 nm and normalized (Molar ellipticity θ is quoted in 10 5 deg cm 2 dmol −1 ). The sequences were used at 10 μM in the presence of buffer containing Tris-HCl (10 mM, pH 7.4) and 100 mM of KCl. Samples were pre-annealed by heating at 95 °C for 5 min and then cooled to rt over 6-8 h.
Nuclear magnetic resonance spectroscopy
DNA oligonucleotides were purchased from Eurogentec ® Ltd. and were HPLC purified.
1 H NMR spectra were recorded on a 500 MHz TCI-ATM Cryo instrument at 298 K unless otherwise stated. Titration with 1 was performed at 313 K and scan were recorded 15 mins after addition of 1. Water suppression was achieved using excitation sculpting.
Samples were prepared in H 2 O containing phosphate buffer (20 mM, pH 7.4) and KCl (100 mM), and were pre-annealed by heating at 95 °C for 5 min and then cooled down to room temperature over 6-8 h. Samples were used at 100-200 µM in a 1:9 mixture of D 2 O/H 2 O at pH 7.4.
GFP and GFP-hPif1 expressing stable cell lines
cDNA encoding the human Pif1 alpha (hPif1α) isoform was amplified from IMAGE clone 9021504 and cloned between the XhoI and BamHI restriction sites of pEGFP-C1
plasmid. Individual clones stably expressing GFP or GFP-hPif1α were isolated after selection with 0.5 mg/ml G418 for two weeks following transfection with pEGFP-C1 or pEGFP-C1-hPif1α in U2OS cells. Cells from individual clones expressing either pEGFP-C1 or pEGFP-C1-hPif1α were CSK treated prior to 2% PAF fixation, and GFP signal was enhanced by using a rabbit anti-GFP antibody (Invitrogen) detected with Alexa Fluor 488 coupled anti-rabbit secondary antibody (Invitrogen). For imaging, 0.2 µm z-stacks were acquired using a Deltavision microscope (Applied Precision) with an 100X
objective. Resulting stacks were deconvolved using softWoRx software. Pictures presented in the manuscript correspond to one deconvolved stack. Orthogonal views were used to confirm co-localization of 3 and GFP-hPif1α foci.
Chromatin Immunoprecipitation (ChIP) and qPCR
ChIP analyses were performed as previously described 48 
ChIP-Sequencing and bioinformatics
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